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Fig. la' 
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FIGURE 1 
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FIGURE 3 
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FIGURE 4 
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FIGURE 6 
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FIGURE 7 
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55.018^ 

A METHOD AND APPARATUS FO R COMPUmNG A WELL FOR 
PRODUCING HYDROCARBONS OR 1HE LIKE 

The tmotioA idttes to the Sdd of petroleum scrace tnd supplsr ioduitneiw and more 
putkularly to Gonpledng wdb fiir prwfuci^^ 

Vlak driOiiig tt tddog plsoe^ the inlcgn^ 

that needs to be acQusted fo thit the bydntxEc pressure of the mud cohums opposes the kaks 
fifom the fiMmatipos while szmultaaeously avoufing dima^ng the uaderground fixmatkm hy 
fricliiiBig Uiem. When the driSed depth eacoecds e ecitm pressure di&teace due to 

the difference in d^ is such that it is no longer posslile to fimnulate a mud capabk of 
peifiMnhtt its fimction over the entile lei^ of die wcl^ 

IS neeessuy to line the hole with meal cm^ For this purpose^ a certain mnabcr of casing 
tubes are friaoed eml to end and lowered down the wdl, and are fixed to to 
oementiog. Thereaficr, dxiBmg can continue down to die next critical depth. 

Each ne«4y-drilled leogdi nnM be Sned with ca«« of 00^^ 

pass through die castiis thai is already in plaoe at AaBower dc|^ 

staircase stnicture widi a hole that is large at die top <^the wcD and aaidi narrower at the 

bottom of the wdL Sneh a configtiiation la fiir lirom optimal: a laige ho^ 

that drilfing time must be wasted in a non-producdve zooe» whereas a narrow hole in the 

usefiil lones docs not frvur production by good drslmng of the fi^ 

Wocse sdlL h cllen happens that the hob passes dooi^Bh unexpeci^ 

borii^ has reached a critical dqpdt Sodi critical xonea mqr, Ibr example^ be veins of vciy 

fiisble rock or ""poctoets^ of gas whidv even thoi^ they are ususfy 

nujor sources of danger both for the well and for die work force on die surfim. Under sudi 

dreumstanccs^ the onl^ sohidon is often to cement these zones by putting casiog into place 

immed i atct y, dierdiy finther redudng the size of the hokii which can lesd to a weD being 

abandoned tf fuitlier dtflBcuh zones are encoiMttered as drilfing coiitiuuea. 
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It wS abo be undcoiood tlitf it if veiy diffink to icpMT dunged 
cuii«, wttxMt fiather lignSeuiiy nductngti^ 

pnvcntiiv peaetratim of eertab toote or item i€ eq^ncat thtt m^r be aeeded in Oe 
predudion loiiei. for ocinple. 

Owr the iMi few yewt, the induaiy hu dewtoped new ted^^ 

BnB,F<'*»'ifl them tea^oimfy, lo u to iriniiBS Ae nngber of 'itepi* and to increMe Oe 

downhole (EuDcter of the wtS. 



Pn»poirif hwe thin been ra«te to u*e » coB^wAo ntterid eon^Bi^ 

made of ^ fiben impnffialed wft w»i?o1yineri«ed qwqr rem and hnong a n*ber 

menhfane coveting ia outside tee wKch b erected 

appropiiatt Iw toot the BWtone i» applied ag^ 

poitioa of caiii» and the ferfB b cmed to p<«(ineri«e by beii« herte^ 

that techidque ii that h reqiure* declikal povw of the onJer of 1000 watts p^ 

thu Binitii« h» appBeatioo to treatii« wnes thit are 
of lynthetic ftiaterial eaimot cotutitute a fiatl itphe^^ 
be capable. « partedhf. of wAitanding tieatniBBti baied on 

that are ptfticiilariy contwve. 

US Patent 5 348 09S propojet makiRg cissg out oft confiauoM tube of ductfle tnaterial 
capMe of vnih«tixfiiig Uige miMinU of pUstie deCwioation. The liibe U anIaiBed by a 
eonical tool, and it can optionaBy be cemented. However. expanaioB of the lube « 
aceompanied by a leduetioo in the total lei«lh of lha t>di^ and t«» can ^ 
prehleina at the endi. Itohenaoiei the preawre ro^iiied expandi^ 

US Fatert 5 3« 012 piopoiee a perfbiaied finer provided with owUppii^ 

A mandrel hawing a large tfaaeter that a greater diiB die h»de diaB^ 

Hner b used to expand the wdB of Ae finer and the oiiScea become target. Bber-ronforeed 

eemam e*i then be call 00 cite aide of to liner, aiid once the coBcrt has aa. tl» ii«^ 

ihe Jbier b boiwl agaiiw thereby lewiBg a eailBg of BiitKaart 

wnlbrcemeat Ihe need Ibr Brther boimg afto canentiog «»^^ 

that technque. In adtftioo. to fte ibownneadoned case, the pceiiUFW 
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the tube ut cfinte high mi tlw final length of the finer b reduced. Rmlly; the sloa mist be 
pieited in oompliince with very fxredse spedficttioni; wfakh leads to e muu&cturing cost 
OatishigjL 

M olject of the ptcscnt immtioD U m iiov^ 
the abo¥Mncfltioiied dnwbicks of the ait. 

Aocordkw to the invcotioi^ dni object is achieved by t finer n o nnilffrtn g a hole m an 
undcrgnKind fixnatioiv the Beer being constit u te d by a ^mMmmd strip of spird cross- 
sectioi^ iu lofvHudnal edges havu« compicnentary toodrag pn^ such that a&er 
Mfpanwn the finer bciterfarmsectkm> 

To coR^ete a weO, the ipinl tube is lowered to die bottom of the hole and its walls are 

qiread by means of a placement tool, e.g. e conical tool, so as to plaee tfie loi^^ 

a toucinng position where they fbnn a cyEnder. A closed oontimious finer is thus obtamed 

which cu be cemented in conventional manner without die eeiBeat inv^^ 

Imer, and thus without there being any need to bore inside the casb^ 

that the sinrsl-wQund can« of die ittvendon is psfticuia^ 

horaontal or imild4tteral, given hs smaU Aasieter m iu oontncted state which lends itsdf 
wdl to bcti^ installed in nanow wciU or in wdls of triijectof^ 
tre<Stional ^sii^ segm&^. 

The liner of the inveadmi is also . wdl adapted to provisionally OM^ 
any event the hole may opdonalty be enlarged in the difficult zone and a spin! finer whose 
diameter ifter expansion is close to the diameter of the hole befi)re e n U i g em e n t mxjf then be 
put into pUce and conemed. Thertafter^ dialing cui cocdoue and the entire cohmxi. inc h idi n g 
d^ sooe that haa aheady been coc^leted, b subsequcnUy completed m convcflSi^ 

The spird easily ofdie invention can also be used for icpairii^can^ 

since the outsde diameter of die spiral casing after expansoa can be selected to be equ^ 

vciy sfifiMy ^ die inside £ameter of the casing that ia already m place. 

The s^al-wouDd sti^ preftiably has chamfered toogitudinai edg^s that define contact 
suiftoea whose gcneial direcdon lies m a plane wftuch fimns m non-zero a^gle relative to die 
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bitghudiaa] exit the Eiier. Also pnfen^ 
to provide mechtnicti cngagemert il • predete^ 

In t more paxticulirty pteferred vaxint of die invention, the liner u cOrtwned by rolEflg 19 t 
itrip about en axu thit U at t oedu ai«|e icliti^ 
such ciromittaiicei, viien die Gaff » m 
hefa around the cyBndcr.lftte period of the 
figure b obCatMd whoae koglb tt not aheied by 

The Eiier of the inveiitta can be woond kpgfliTO 
colled tdmig. to order to consjtoie sectiw 
together a phMlity of iheeu. eithff duiiv manu&G^ 
uA« the coiled tiAing tedioiiiuc^ or dae tectlir ^ 

The finer of the invendon a© be nuA of metal, e.g. iteel or aiv ^ 
desired degrees of elasticity and plasticity, tt 1^ 
bsdecled. and providfl« it has not been cemented, then Ae iner of the 
optiockily be itmovcd, thus mikh« teflfx^ 

Other details and advmtageout cfamctcritfiGa of the invcodon vpear from the foSowing 
description given with rdbraice to the Sgiirca* 1^ 

• Figure I U a (Sagfimmttk; view of a first caibodiment of a fiaff 

ito expansion, shown in pcrepectivc(F«uie^ lb) and in end view (Rgyrts W end 

m 

- Figm 2 showa an cxpawon tool; 

. Rgpre3 ahows an oofliple of mechaiacd ei«^^^ 
3d) and shows vBiioua profiles for Sddi toothed edses; 

• Figure4 U apcrspective viewof aliner «th6 oon^^ 
withtoodiedsedioos; 
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• Figure 5 ihows a Imer of tic isivcntiM htvio^ 

teea in petspcctive in the coatacted state (Kj^ireSa). after ca^msoii (FigureSb), tnd in 
toi^gitiufinal loction (Figiite ScX 

-Figure6ihow>ane9cim^oftcmponiy oonptetioo using a finer of the inweniion; 

• Figure 7 Aows a typcfti sequence for cooi^^ 

• FliffTC S diowt e variant of a finer of tke invention 

The cmceiit of tbe inventkm tt shown ia Figu^ 

(Figures la and la") wUi overitp over an ai^ A. After opaasioi^ the finer is circular in 
tectioo and iu loc^hiidinl edges eooiaioto ooQiact to oonslto 

If the winding follows an Azdmnedeir spiral, then writii^ £ for the tiiicfaiess of the strip and 
Dc for the pseudoHfiameter of the spnal-wouad strip in the oontracted stat6> the vahte De of 
the dianieter after cscpanston b 0ven by the foUowing equation: 



vdm A» the overlap ai^ is expressed m fa£uu» and whe^ 
expressed in the same units. 

With an overlap of 90* as shown in Fi^ire la. a liner hnai« an outside diameter Ik of IT^ 
cm (7') «d a tiddness n of 9 J nnn (3/8 of an hidi) is oofltracied to 
(5.S5^. For SB overlap of I8(r» the expansion ia dose to 5094. 

By way of example^ thetoolfercxpawfiiigthelineroftbeinraitioncanbecoostitmedby a 
doiMecoiteas8end)iyudiown£agiinimatkaltyinF;8^ lOsuitsblefbr 
bdi^fixodtothecodofacoiledtidieorofastringafrods^andasecoodeiid 11 of diameter 
similar to tfast of the spiial-wound finer in the oontmcted state, therefcy coaUng the spiral- 
woimd finer to be pushed to the tone ndiidi is to he completed. The expansi o n tod also 
inchides an enlaiged sone 12 of outside cfiaraeter dose to flieinnde diameter of the liner after 
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h 1« been txpindcd. The entaged «« 12 i. 

p,rt by teoiote cc»Bd mems «ch u 

of «ieh mem M b owwoitionri fhr pUcenw* 

In «l» vmwt of the weaioo rfwwB in Bgure 3. the eoa^^ 
ghroteelhio i»t*fec» iinedimed loet A»c«abe leeaB^ 
3d, « tootW edget in to cm » e4ge tlw teelK ctti prewk^ 

ft alio be obKwed tliit the loojMnil 

«,^«f •bout45«. iiidimwfH-ifly binghtteMige JO'to «^ b 

Other vwrt toothed pwfflei ueAown m Fw»3ei Tbe 

or « the coiniiy. decmM "d ft U i««T.te to seJecl profito t^ 

^uMe to •« to eddeve epgigei«i« thrt » dwer to being of tl« 

oftheenmpleiAovm in Ba«3, the toothed edgeif^ ^* * 

CBtm ««le Td-ive to the nonnri to the toneMinrf «b of ^ 

pre&rtWy «ch » to mWinSie ndW IK^ 
eompkoemiy IM)rth« A. rf-mn m Fi»w 3e. the el^ 

«.p«fiBg Ae .inrd-wouirf finer «tie mW lA^^ 
the edges ii-it Tto icp«i«i0B fcrce eu. be -Wi^ 

ihape of the teeth. 

T1« forceeP. «rf Fb «Wch •«« ta kKtt* the Boer « dii«*^ 



.«g,e A of the in- in the «-lnrted po«o-. lfc«rf^ 



the i«fiil fbn« • th- » bdwe «ut b. fiwd hctwec- the 
expaanoQ and niecliimcil locldqg. 

Tte finer » exp«ded fam» the of • cone of din««io« thet depend cii^ 

geo«..y of the HiW^wiawl «^ 

««te of the oomed ciqwio. tool. To Wt ftfclioo fw it inv 

„ oxptMiOB tool coiBtteitad »v • «oe ^ ipoK «Bte b cto^ 

expanrion oooe of the (|Mnt<wound Bner. 
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As shown mm putteulifif in Ftgure 4, tbe ixis of the toswokatt teeth fonns an ai^c B 
xvith the ixis of the ipinl-wQUEid tube TUs angle B has an optbxatm vahie tyix^ betwtefl the 
-utund" €3q[)8nsk» cone aogk 

Figures ifaawB the most pai^oilarty pnftmd variani oftiie tnvemton in which the finer is 
obtittned by idingi^ a strip ibout an axis that Is at a oertab aqgit teiative to the axis of 
symmetiy of the strip. In the contricted position ^igm 5aX the ed^ fimn a douUe he&x 
trouod the iner. After expansian (Pigure 5bX the two hAces cotodde and die juoctioo fine 
winds heS2caOy around the finer. 

A paitkularty advaataseeus a^NMt of this geometiy Bes in it bci^g 

be p ec lbn aed without changing the X leagA of the lina^. U, as shown in ^gureSc; tiM 

*cfiaaactcr^ (^tlwBner are written Be aad Be (where index gc o ft e sponds to to 

the eootiicted state and inda s to the iner in the expanded state), and if the periods of tiie 

hdcal canws iUhiwed by the toi^tudina] edges are written ^ 

heCx is di6iied as being the ^stance measured ale^g the knii^tiifi^ 

two comipoadhv poinU that are one eonqilete turn ^art aroiHid to 

(or De if to case m^ be)X iiid if to length of a toi^BKfina] edge of ^ 

n finer wioae total leqgtfi u X it can be shown that to ki«di L IS equal to^ 



and that oonscqueotiy,ifto tape Is cplkd up ttt such 4 manner that ^s^^, then toleqg^ 
X does not vaiy. 

With this double helix configurslion. it shoidd also be obsenml tot if to strq> 
finer is of tiOekness W, then to diameter after expansioo is given by to eqi^ 




A A 
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Fmilly, inodief cofuoquaieeof togBomrt^ 

m a plane pcn>endioiiir to the BOS of tiK fiiKf dur^ 

douMff hrih perpg^cuhriy to the loiuotudiMd exit, then ■Her egptnrion these 

codi wffl define pcffto dnics in plane thit irt tbcms^ 

txis of the Bncr. Tins dtspoatkm is paitiadaily ftvonMe for cnsitriag seiGng of the 
compfedon at the cads of the Iber. 

r<guw 6 Bid 7 are dii«raiimiafic and shw 
wound to of the illveodol^ h bdi« undent 

Id the exanvle shown in R£Dre6. the ^inl-wound tube b used for con^leting a xone m 
tenporaiy inanaer. In a wen in deep water. <he prohkm 
between the fiimmng gradicrt and the pressure of 

problems assodmicd, for cianipk with the presence of foimationj that are highly cnstshk 

(clayey rock, sands, salts, etc.) m depletm tonet, or other probkras that are wcU known to 

the person skiDed in the art. TTie financial comequencea o^ 

I,n4)0rtieo to their leogft since am^^ 

on an caore occasion, therein reducing the Aamcicr of 

TlwwdlhM been diffled and otfing has been instsBod in hs upper poi^ 1 . Mting has then 

coatimied beneath the caring shoe 2 to pierce a bde 3 that tt 

b not cased, piior to reaching a aone 4 of length U which nee^ 

(Figure 6a). Tlie decision is taken 10 proceed wi^ 

invcfltian. A siwal-wound finer 5 is pi^ 
doi*le ooniad expanaon tool 6 fixed at the end of a tube 7, 
move on (Fijare fib) so as to spread ap«t the waBs of the finer 1^ 
diameicr (Figure 6c). (>n» the ina is in place (Figure 6d) tf^ 
the suite and the finer is cemeated um« finer cementii^ tecfa 
ihwn hete, the finer is provided with opeoii«s 8 to afiow ce^ 
the finer towarda the annuhu 9 which b to be oemeoled, however it ia 

shoe coiild be used. 
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After OTpunfSftT^ tho inide li^wi ffff 0f pncdcaDy idtnttcil to fho ditiiiclcr of the 

bole in nna where liiere are no driUu^ |X«U^ 

io the lone thit requirts trcxtmcot ly mam of a reuner). DriUiog cin then be fttrted tigun 
without ai^ need to driD through a oemeated zone» and the eadie well can be oomfdeted ia 
tccordanoe with tiie oci^inal dnUiog plan, ind without aoy reducdon in the diameter of the 
wdL 

Tf i« rlw that aitigfimttl f nnl« airfi mm m t^^fiHrnll^Pr miM ii% rrmhktatliem with thm Bmt 

of the invenlkxt Abo, the Incr it fff&aify fitted with codpieees made of a material thit is 
easily defi)nDed and that if etiy to dfil (cLg. afcimiwOTX Iherdiy gM«ranteei«<g that the tpiptf- 
wound finer is properiy eacpanded over ita entire le^^ 

A typical sequence ofusing a spirtl-wound liner of Ae invention fi)rcoii9lctiqg a aeedon of a 
rescnroir is tfkown in Figure?. Such an o p er rti o n be cnviseged, fiir cscunpli; widi 
foimations that are unstable or sandy. 

The spiral-wound finer of die iovention » brOiQlit in the oontmcted state to a ooa^ased 
section of the reservoir figure 7a) and it b then expuided by mns of an o yaniion loot 
(Figures 7b and 7e). Like any other producdoo finer, the finer of tfie invetttioii is^ in this case, 
pieroed to allow productioo fluids to pass theretfarougi^ and as shown in KgureS, it b 
preferably covered b t grid ^Miieh be fixed tbcr^ e.g. by being welded u> die itr^ 
to spiral winding. The ffid u pre&ral^ on die outode fi»e of the liner, htmg towards the 
wall 

It should be observed that die sur&ce aiea of the rolled-up strip remains unahcrad duripg 
expansion so wds arc not weakened by the apiral-wouod liner of the invention being put into 
place and expanded. For the same reason^ the nse and distr i bu t i on of the opcaiogs provided 
fiar allowing die production thdda to pass can be selected in a mamcr diat ia cniir^ 
independent of the diimetesa in die eontiactcd state and in the csqMnded stale. Thb makes it 
possMe^ in partioidar, ui o(rt^ a finer diat b very strong in assodadoo w^ 
and longer fife of the wcU. 
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Fw alMrizottal wen. itpinl'wwii' liner of «^ 
on be |*KBd weiy do«e to the fijnnrtioi^ ewn in the upper 
oaen not the ew with 1 conmaiooil Sner thit U incqidjte of 

So kmg M it h«i not been eeineitf«», » «pii*^w«nd liw 

.pedd tool whkh »e|Wiie« the IoogMii»I««g»» " 

i«um to • ilttB mfl* to thtt of to taitU oonlraeted itrtfc ff weh 

only ito •ewid iiwA* or e» ihoBM be til« to w 

ictriidi« to diiiie propotk* over weh e loqg period of time. 

Tl» geoinetiy of the H«inl-«ound finer of the roenlk^ 
gtfoductloii it low CO*. Fbr ewnplc; it b po^ 
thit « welded t08etba)lhtt ere pierced ine pmlefined p««^ 
loltort or by a l^ydnoBc P»«« living e P»nri>. TU loiw^^ 

„„ to give thHB . toothed pnfflc. «xJ 
alonB one of the lonfftudiMl edges before winding into ■ ipinL Fmdly. the mip n»y be 
.pirri-wound «&ectly and then coital, either conlinBOud^ 

lengths. 

In geoeriJL i« " P«&^ » W * ^ * 

once the section to be eoojpieted b loog. sad niore refiible noee coonectioof ere omitted. 
Neveithelesa. tt U e<iu«lly possible to use Bnea of 6ced leoglh end to 
zone Iv lepeatedly piaciiig and expawfing lengths of finer. 
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CLAIMS 

l/Afincrfi)rcoii^cdi^fthotemiAundei9TH9idf^^ the finer bdng coosdtutcd by t 
spiiil^wound Unp, its longjtudinil edges hivicg oompleraentiiy touching pro&es such that 
after eq^tD&ofi the iiaer tt dfcuhr m seedoit 

2/ A finer acooidiiig to cUim l» cfamcteriiBd in thit the Jongitudinal e^ges define « eotftci 

suffice of feacnl dfaectioD i> lyiog in a ^Itoe tfait tens a noo^zero a^glc rditive to the 
loi\gitii£Bal ni ofthe finer. 

3/ A finer teoordmg to daim 2. chinctcrixed b disl said vie^ 
of the contaa sir&ce Get in the range 30* to 60*. 

4/ A finer according to any precediog dainv characterized in that the touching kx^gimdinal 
edges have a sawtoodi profile. 

5/ A finer acooiding to any ^ffeoeding claim, tharacteriyfKl in that dte finer is obtained by 

folEiv up a sti9 about an axis that is at a oeitatn angle relative to the 

strip. 

6/ A finer aeeor^ng to any preceding ciata^ chanictcrised k that it k 

7/ A liner according to daira 6, chaiacterized in that it is covered tn a grid. 

Zi A finer aoconfing to daim 7. cfaancterized in that the grid is wdded oa 

9/ A inethod of coayleting a hole in aa uodcfgnMnd fbnnatio^ 
b kiwered diiwa the hole, and Ae strip Is opefwd ttoti a drc^ 
ofaaHPcdjiiaocmcnt tool for putting the longitodi^ 

\0i A ewlfaod acoonfing to daia 4, characterized ra that it also tndudes a cementing 
operatioo. 

Il/Theuseortbemediod aoconfing to daims 9 or 10, fer temponiy compteiioo of zones 
that are depleted or unconsofidaied. 
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l2/T1ieu>crfthcmglh«iKtOTdfcgtociaim9or 10, for repatimg a casing. 
13/ Tlie UK of the method of dtim 9 for com 

14/ A syltem for oonpleciiig a hole in an uaOaffomi fonnttto^ durtcterized io tbit it 
iofiittdea a finer aceonling to any one of dams 1 to S and in expansion tool lukaMe for 
Ipbying apcn tbe loiqiitodinal edges 
edge-tcMt^ 

15/ A tod flir whhdnmpg a Soer anordiiv to 

means br mcmng the loqgitudaud edges qmt by a (fiameter greater tfun the diameter 
comprisktt to a dicukr tecOoo and eoablii^ the finer to ahiink so as to return to a apiral- 
woui^ configoration of a diameter th« b smaO enough tt> enable the 1^ 

the well 
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